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ANTI-ASPIRATION DEVICE WITH 
CONTENT MONITORING FUNCTIONALITY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The Present application is a continuation-in-part 
application of patent application Ser. No. 11/545,382 ?led 
on Oct. 10, 2006. This application contains subject matter 
Which is related to the subject matter of the above-men 
tioned application, Which is oWned by the same entity as this 
application. 

TECHNICAL FIELD 

[0002] The present invention is generally directed to the 
medical ?eld as it relates to patient care, particularly in a 
hospital, nursing home or other institutional setting. More 
particularly, the present invention relates in general to sys 
tems and methods for preventing aspiration of stomach 
contents by bedridden patients connected to feeding tubes. 
Even more particularly, the present invention is directed to 
systems and methods for determining the level and/or rela 
tive quantity of stomach contents in situations in Which a 
patient is receiving nutrition through a feeding tube. 

BACKGROUND OF THE INVENTION 

[0003] It is Well knoWn that millions of people around the 
World are fed through gastric feeding tubes once they can no 
longer feed themselves. The most common version of this 
practice occurs in the use of nasogastric feeding tubes. Other 
gastric feeding practices include the surgical insertion of a 
feeding tube directly into the stomach through the abdomi 
nal Wall (PEG tube). The present invention is employable in 
all of these situations in Which gastric feeding is provided, 
though some embodiments are more appropriate for the PEG 
tube situation. 
[0004] While the use of gastric feeding mechanisms is not 
only a common but a life preserving procedure, complica 
tions can arise. In particular, one of these complications is 
aspiration pneumonia. This condition, Which can be life 
threatening, particularly in older patients or in patients With 
Weakened immune systems, can occur via several mecha 
nisms. A common one of these mechanisms is one in Which 
the patient slides doWn in bed to a loW angle su?icient to 
alloW gastric ?uids to ascend the esophagus and be inhaled 
into the lungs. Typically, this angle is about 30°. When the 
patient angle in the bed reaches this point, the stomach 
contents are able to percolate up through the esophagus and 
doWn into the lungs. The fact that this is a signi?cant 
problem in patient care is re?ected in the fact that in many 
states the occurrences of aspirational pneumonia are report 
able incidents to state oversight authorities, particularly in 
the case of patient death. 
[0005] The previously ?led application for Which this is a 
continuation in part addressed the problem of aspirational 
pneumonia With a vieW toWard the triggering mechanism 
being the patient angle relative to the horizontal. In particu 
lar, it Was seen that patient angle Was a signi?cantly more 
critical parameter than bed angle. It is noted that the present 
invention is directed to a related problem, namely the degree 
to Which the stomach contents ?ll the available stomach 
volume. With this added piece of information, the previously 
described, angle-related invention is improved. Thus, in 
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addition to patient angle relative to the horiZontal, it is seen 
that it is also desirable to be able to determine the current 
degree of stomach fullness. 
[0006] Whether it is patient angle or the quantity of 
material present in the stomach, it is the goal of the present 
invention to prevent stomach contents from rising into the 
esophageal region. The aforementioned parent application 
provided tWo response modalities for addressing the prob 
lem of loW patient angle. In one modality, ?oW of feeding 
material is stopped. In another modality, stomach contents 
are actually WithdraWn through the feeding tube. The present 
invention adds the dimension of knoWing the quantity and/or 
level of the stomach contents, either in relative or absolute 
terms. It is noted that reference herein to relative stomach 
content is a measure of fullness percentage. The present 
invention Works in conjunction With the mechanisms 
employed in the earlier application, Which considered only 
patient angle as the determining factor in the initiation of a 
stop or WithdraW action. That is to say, the present invention 
is employable in an embodiment in Which the ?oW control 
mechanism of the prior invention is employed Without 
regard to patient angle. HoWever, it is noted that the present 
invention is also employable in various preferred embodi 
ments in Which the stomach fullness indicator is employed 
along With the angle indicator to better control the function 
ing of the ?oW control mechanism. 
[0007] It is noted that, While the present invention is 
principally directed to the problems associated With gastric 
feeding tubes, nonetheless, it is equally applicable to those 
situations in Which substances other than nourishment are 
being provided through such a tube. It is also noted that the 
inventions described herein have at least tWo desirable 
effects. Not only does the present invention and its prede 
cessor, Work to prevent aspirational pneumonia, they also 
Work to eliminate or reduce the presence of gastric ?uid in 
the esophagus. 

SUMMARY OF THE INVENTION 

[0008] The shortcomings of the prior art are overcome and 
additional advantages are provided through the inclusion of 
all of one or more other devices or methods used to 

determine stomach fullness. For example, an ultrasound 
measurement is employable as providing an indication that 
su?icient quantities of nutrient or medication have been 
delivered to the stomach. Likewise, an in situ indicator of 
stomach gas pressure is also employable as providing an 
indication that ?uid ?oW should either be stopped or 
reversed. It is also noted that since girth increases With the 
degree to Which the stomach is ?lled, it is seen that the 
simple expedient of providing a girth sensor is also employ 
able as providing a mechanism for determining the ?oW 
control. 
[0009] The invention described in the related prior appli 
cation cited above solves these problems by providing a 
mechanical or electronic device that senses When a patient 
slides doWn beloW a predetermined angle. The device oper 
ates to turn off the pump or to reverse its ?oW direction in 
order to prevent further ?uid from entering the stomach and 
hence the esophagus. Additionally, not only does the device 
shut off the pump, but it includes an optional but desired 
modality in Which it also actually WithdraWs residual liquid 
through the tube. 
[0010] The sensing of patient position beloW a certain 
angle or sensing that the patient’s stomach is su?iciently full 
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is also usable to alert the attending medical staff that a 
patient is in an undesirable position or that feeding or 
medication should be stopped. Additionally, the detection of 
an undesirable patient angle and/or stomach fullness is also 
employable to automatically raise the head and/or foot 
portion of an adjustable bed so as to prevent or correct for 
doWnWard sliding. 
[0011] Accordingly, it is an object of the present invention 
to reduce and/or eliminate the problem of the aspiration of 
gastric ?uid in patients connected to gastric feeding tubes. 
[0012] It is also an object of the present invention to 
reduce and/or eliminate the problem of exposing portions of 
the esophagus to gastric ?uids. 
[0013] It is a still further object of the present invention to 
provide medical staff With an indication of undesired patient 
movement or an overfeeding condition. 
[0014] It is yet another object of the present invention to 
provide a feedback mechanism for raising the foot or head 
portions of a patients bed to prevent or correct for patient 
sliding. 
[0015] It is an additional object of the present invention to 
provide improved control over gastric contents as both a 
function of their amount, their relative amount and/or the 
patient angle With respect to the horizontal. 
[0016] Lastly, but not limited hereto, it is an object of the 
present invention to provide a mechanism, Which provides 
an indication of patient stomach content in terms of quantity. 
[0017] Additional features and advantages are realized 
through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed 
invention. 
[0018] The recitation herein of a list of desirable objects 
Which are met by various embodiments of the present 
invention is not meant to imply or suggest that any or all of 
these objects are present as essential features, either indi 
vidually or collectively, in the most general embodiment of 
the present invention or in any of its more speci?c embodi 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The subject matter Which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
concluding portion of the speci?cation. The invention, hoW 
ever, both as to organization and method of practice, 
together With the further objects and advantages thereof, 
may best be understood by reference to the folloWing 
description taken in connection With the accompanying 
draWings in Which: 
[0020] FIG. 1 is a side elevation vieW indicating the 
relative positions of a patient and a reclinable bed, and 
particularly indicating the angle of the bed; 
[0021] FIG. 2 is a stylized, side elevation vieW of a patient 
shoWing the stomach and esophagus for a patient reclining 
at the angle shoWn in FIG. 1, as Well as shoWing the 
placement of an angle sensor; 
[0022] FIG. 3 is a block diagram illustrating the system 
and method of the present invention; 
[0023] FIG. 4 is a block diagram vieW similar to FIG. 3 but 
more particularly illustrating the presence of a stomach 
content quantity sensor; 
[0024] FIG. 5 is an enlarged vieW of a portion of FIG. 2, 
Which more particularly illustrates an embodiment of the 
present invention employing a stomach content sensor; 
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[0025] FIG. 6 is a schematic diagram illustrating the use of 
a girth sensor for providing a fullness signal; 
[0026] FIG. 7 is a schematic diagram similar to FIG. 5 but 
more particularly illustrating the use of a PEG tube; and 
[0027] FIG. 8 is a diagram illustrating an exemplary ?oW 
control algorithm based on both patient angle and fullness 
sensor. 

DETAILED DESCRIPTION 

[0028] FIG. 1 illustrates the environment in Which the 
patient angle sensor and the patient stomach content quantity 
devices are employed. In particular, there is shoWn patient 
100 positioned in a reclining position on bed 151 Which 
includes movable head portion 155 and Which may also 
include a likeWise movable foot portion 160 Which is 
employed either for patient comfort or for elevation of the 
loWer extremities. It is also seen that the patient is reclining 
at angle (170) With respect to the horizontal. Reference to 
the horizontal is employed herein for measurement and 
determination of improper angle since the “horizontal” is 
really determined by gravity and it is gravity that is the 
principal driver of gastric ?uid into the esophagus and 
beyond. 
[0029] It is noted herein that the angle shoWn in FIG. 1 is 
the angle of the adjustable head portion of the bed With 
respect to the horizontal portion of the bed. Even though the 
illustration suggests it, FIG. 1 does not re?ect the position of 
a patient Who has slid doWn in the bed. It should also be 
noted that the beds of concern herein may also be equipped 
With adjustable foot portion 160 as Well as With adjustable 
head portion 155 and mid-portion 150. In fact, if it is 
detected that patient 100 is sliding doWn in the bed, the 
adjustable foot portion of the bed may be raised to prevent 
further sliding and/or to correct for prior sliding. Other 
portions of the bed may be adjusted as Well in various 
relative motions designed to control the patient’s angle With 
respect to the horizontal. This is an optional feature of the 
present invention. 
[0030] FIG. 2 provides a greater detail of the situation 
being considered With respect to patient 100 and the problem 
of patient angle. Basic human anatomy teaches that stomach 
110 is connected to esophagus 120. It is easily seen that if 
the patient’s angle is loW, that is, if the patient’s torso is 
closer to a horizontal position, stomach contents can enter 
esophagus 120 simply by gravity ?oW. The problems asso 
ciated With this ?oW are discussed above, but, needless to 
say, it is not a desirable situation. 
[0031] Additionally, FIG. 2 illustrates the placement of 
sensor 200. Sensor 200 is preferably placed on the chest of 
patient 200. It is a?ixed to the patient or to the patient’s 
clothing by any convenient means. For short term use 
adhesive material on one side of sensor 200 holds it in place. 
For use With clothing or goWns, a Wider range of options is 
available for a?ixing the sensor, including pins, elastic bands 
and VelcroTM. Sensor 200 comprises any convenient mecha 
nism for sensing angle. At its simplest it comprises a 
mercury ?lled insulative container With electrical contacts 
being closed When it makes contact With the mercury. The 
interior shape of the container is such that the mercury 
comes in contact With the contacts at a predetermined angle. 
The sensor may also include adjustable exterior ?aps to 
provide a selectable angle. It is noted, hoWever, that there is 
a Wide range of sensors and sensor technology Which may be 
employed. For example, one could employ a ball or other 
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sliding or rolling interior object Which either makes electri 
cal contact or Which is of su?icient Weight to cause switch 
contacts to close. Additionally, the interior moving object 
may be employed to interrupt light falling on a photocell. 
Magnetic or other optical sensors may be employed as Well. 
In fact, any device Which implements the generation of an 
electrical or even electromagnetic signal based on depen 
dence on an angle is employable. As indicated, sensor 200 
may even comprise a Wireless device Which transmits an 
activation signal to pump control 220. More sophisticated 
sensors 200 Which actually provide a signal indicative of the 
actual angle, as opposed to the angle merely exceeding a 
threshold value are also employed in the present invention. 
Such devices are relevant to the control modality suggested 
by FIG. 8. With a more sophisticated indication of angle 
being provided, it is then possible to provide an early 
warning indication of a patient sliding doWnWard. In such 
cases, the alarm to patient or staff is variable in intensity 
depending on the angular degree sensed. 
[0032] A solution to the aspiration problem based solely 
on patient angle is shoWn in greater detail in FIG. 3. In 
particular, angle sensor 200, Which is a?ixed to patient 100, 
sends a signal via Wire 201 to pump control 220 Which, in 
normal operation, sends nutrient materials from supply 210 
to stomach 110 of patient 100. If patient 100 slides doWn in 
bed 150 to an undesired, predetermined angle or range of 
angles, angle sensor 200 signals pump control 220 to shut off 
the supply of nutrient or other material to stomach 110. 
Additionally, the system is provided With an optional feature 
in Which gastric ?uid is actually pulled back into gastric tube 
250. In this regard, note the tWo directions indicated for tube 
250. It is noted that if angle sensor 200 produces a signal that 
is transmitted Wirelessly, Wire 201 is not needed. 
[0033] It is also seen that the signal from angle sensor 200 
is also capable of providing an audible or visual signal 225 
to hospital staff members to alert them that patient 100 has 
slid doWn into bed 150 to an undesirable and possibly unsafe 
position. Pump control 220 may also be used to supply an 
audible, visual or vibratory signal 230 to patient 100 as a 
mechanism for immediate correction by the patient himself 
or herself, ifpossible. This same signal from sensor 200 may 
also be used to control bed 151. In particular, in conjunction 
With bed control unit 260 (shoWn only in FIG. 3 for 
convenience), angle sensor 200 is also seen to be capable of 
providing an actuation signal to cause foot portion 160 of 
bed 151 to rise so as to forestall further sliding and/or to 
correct for previous sliding. 
[0034] In the discussions above, it is assumed that nutri 
ents are provided through a gastric tube via a pump Which 
acts as a positive control element in the system. HoWever, it 
is noted that it is also possible that nutrient supply 210 may 
be positioned above the patient so that it is supplied by 
gravitational action. In this case, the role of “pump” 220 is 
less “active” in that it operates not so much as a pump but 
as a valve to control the rate of ?oW. In such an arrangement 
the optional feature of pump reversal is not available. 
HoWever, apart from this draWback, the angle sensing 
aspects and the fullness sensing aspects are equally capable 
of operating With gravity ?oW systems. 
[0035] Pump control 220 is provided by any convenient 
mechanism. Application speci?c integrated circuit (ASIC) 
chips may be employed in pump control 220 or off-the shelf 
control components may be used, or pump control 220 may 
be implemented via any standard microprocessor or micro 
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controller. An exemplary control algorithm based on sensed 
patient angle and patient stomach content level is shoWn in 
FIG. 8. 
[0036] FIG. 4 is similar to FIG. 3 but it more particularly 
illustrates the presence of an additional mechanism Which is 
capable of providing an indication of the quantity of material 
Within the stomach at any given time. In particulate, one 
form of fullness sensor 300 is disposed at the end of feeding 
tube 250 as shoWn in FIG. 5. When implemented in this 
fashion, fullness sensor 300 has connected thereto signal 
Wire or cable 301 Which is typically disposed alongside 
feeding tube 250 or may be manufactured along With it as an 
integral assembly. Wire or cable 301 is provided to pump 
control 220 to be used, either alone or in conjunction With 
a signal from angle sensor 200, to control the ?oW of ?uid 
in feeding tube 250, either stopping it, or in some cases, 
actually reversing the ?oW. 
[0037] Fullness sensor 300, as shoWn in FIG. 5 may 
comprise an electrical circuit Whose properties change When 
in contact With gastric ?uid 115. Fullness sensor 300 may 
also respond to being in contact With any liquid; it may 
respond to being in contact With a liquid of a certain acidity; 
or fullness sensor 300 may respond to the level of liquid 
present. Additionally, fullness sensor 300 may also include 
ultrasonic transmission and receiving components Which 
produce a signal Which is proportional to or a function of 
unoccupied gastric volume. In this Way, if a knoWn volume 
of ?uid is introduced into the stomach in a knoWn amount of 
time, ultrasonic fullness sensor 300 provides “before” and 
“after” signals Which can be used to indicate the change in 
stomach volume as a percentage Which occurs as the result 
of the input of a knoWn volume in a knoWn amount of time. 
In this Way, stomach volume can be calculated and the 
sensor can be calibrated accordingly. Fullness sensor 300 
may also comprise a pressure transducer Which responds to 
elevated levels of gas pressure Within the stomach. 
[0038] Exterior ultrasound measurements produced using 
readily available equipment may also be employed as a 
mechanism for determining fullness and the need to either 
stop or WithdraW ?uid. This approach, hoWever, typically 
has the disadvantage of requiring human intervention and is 
harder to automate. 

[0039] FIG. 6 illustrates the situation in Which girth sensor 
350 is employed as a mechanism for determining stomach 
fullness and/or changes in stomach fullness. Girth sensor 
350 is disposed about the patient’s abdomen as shoWn and 
lead 302 is supplied to pump control 220. In the event that 
girth sensor 350 includes a Wireless transmission device, 
electrical conductor 302 is not necessary. 
[0040] FIG. 7 illustrates the use of the present invention 
When, instead of a nasogastric tube, PEG tube 400 is 
employed. Such tubes typically include collar portion 401 
Which is disposed against the abdomen and is a?ixed thereto 
in a sealed fashion to guard against providing a passage for 
infection. Fullness sensor 403 is disposed through PEG tube 
400 and is coupled externally through electrical conductor 
402. 
[0041] FIG. 8 represents an exemplary algorithm for pump 
control and/or stoppage control (the latter being especially in 
the case of a gravity driven nutrient supply) based jointly on 
patient angle and patient stomach fullness. In the case of 
each variable, it is seen that there is a point reached Where 
some action is taken such as When the patient angle gets too 
loW (point A in FIG. 8) or When the patient’s stomach 
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contents become too full (point B), this latter point being 
particularly desirable in the implementation of a method 
designed to keep stomach contents out of the esophagus, 
independent of patient angle. Also shoWn in FIG. 8 is region 
C Which illustrates normal operation in a region of relatively 
high patient angle and loW stomach contents. As these 
variables change in a direction aWay from the illustrated 
origin, control enters a control regime D in Which feeding or 
nutrition ?oW is stopped. Further excursions of these vari 
ables in a direction aWay from the indicated origin result in 
?oW control entering region E characteriZed not just by ?oW 
stoppage but by ?oW reversal. As should be fully appreci 
ated, variations of the regions illustrated in FIG. 8 are not 
only possible to achieve speci?c purposes in particular 
patients but it is also easily possible to implement any 
diagram such as that shoWn using microprocessors With the 
given curves stored in its memory in a number of convenient 
forms. 
[0042] While the invention has been described in detail 
herein in accordance With certain preferred embodiments 
thereof, many modi?cations and changes therein may be 
effected by those skilled in the art. Accordingly, it is 
intended by the appended claims to cover all such modi? 
cations and changes as fall Within the true spirit and scope 
of the invention. 
What is claimed is: 
1. A device to prevent aspiration of gastric ?uids in a 

patient being fed or medicated through a gastric tube, said 
device comprising: 

an angle sensor a?ixable to said patient, said sensor being 
capable of providing an electrical signal indicative of 
the patient’s torso being angularly positioned beloW a 
threshold angle With respect to the horizontal; 

a stomach fullness sensor for monitoring said patient’s 
stomach content, said sensor being capable of provid 
ing an electrical signal indicative of patient stomach 
content quantity; and 

an electrical control circuit for receiving at least one of 
said signals and for controlling ?oW in said gastric tube 
as a function of at least one of said signals. 

2. The device of claim 1 in Which said electrical control 
circuit is capable of controlling a pump so as to reverse ?oW 
in said gastric tube. 

3. The device of claim 1 in Which said fullness sensor 
provides an electrical signal indicative of stomach content as 
measured by patient girth. 

4. The device of claim 1 in Which said fullness sensor 
provides an electrical signal indicative of stomach content as 
measured by internal stomach pressure. 

5. The device of claim 1 in Which said fullness sensor 
provides an electrical signal indicative of stomach content as 
measured by stomach content level. 

5. The device of claim 1 in Which said fullness sensor 
provides an electrical signal indicative of stomach content as 
measured by stomach acidity. 
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6. The device of claim 1 in Which said electrical control 
circuit receives both of said signals. 

7. The device of claim 1 in Which said control circuit 
actuates an alarm to alert staff. 

8. The device of claim 1 in Which said control circuit 
actuates an alarm to alert said patient. 

9. The device of claim 1 in Which said threshold angle is 
adjustable. 

10. The device of claim 1 in Which said electrical control 
circuit operates to raise a head portion of said patient’s bed. 

11. The device of claim 1 in Which said electrical control 
circuit operates to raise a foot portion of said patient’s bed. 

12. The device of claim 1 in Which said angle sensor 
includes a Wireless transmitter to supply said signal to said 
control circuit Which includes a receiver for said signal. 

13. The device of claim 1 in Which said fullness sensor 
includes a Wireless transmitter to supply said signal to said 
control circuit Which includes a receiver for said signal. 

14. A device to prevent aspiration of gastric ?uids in a 
patient receiving ?uid through a gastric tube, said device 
comprising: 

a stomach fullness sensor for monitoring said patient’s 
stomach content, said sensor being capable of provid 
ing an electrical signal indicative of patient stomach 
content quantity; and 

an electrical control circuit for receiving said patient 
stomach content signal and for stopping ?oW in said 
tube, as a function of said content level. 

15. A gastric feeding system for a patient, said system 
comprising: 

a nutrient supply reservoir; 
a pump connected to said supply reservoir: 
a gastric tube for delivering nutrient from said nutrient 

supply reservoir to said patient; 
an electrical circuit for controlling said pump; and 
a stomach fullness sensor for monitoring said patient’s 

stomach content, said sensor being capable of provid 
ing an electrical signal indicative of patient stomach 
content quantity to said electrical circuit, Whereby ?uid 
?oW in said gastric tube may be stopped or reversed 
upon an indication of stomach content above a thresh 
old value. 

16. A method for ameliorating the problem of stomach 
content aspiration for a patient being fed or medicated 
through a gastric tube, said method comprising the step of: 

stopping ?uid ?oW through said gastric tube upon detect 
ing that said patient’s stomach content is above a 
threshold value. 

17. A method for ameliorating the problem of stomach 
content aspiration for a patient being fed or medicated 
through a gastric tube, said method comprising the step of: 

reversing ?uid ?oW through said gastric tube upon detect 
ing that said patient’s stomach content is above a 
threshold value. 


